Abstract This is the first comprehensive analysis of vascular plant diversity patterns in the Aleutian Islands to identify and quantify the impact of Aleutian Island distance dispersal barriers, geographical, ecological and anthropogenic factors. Data from public Open Access databases, printed floristic accounts, and from collections made by the primary author were used to develop an Aleutian floristic database. The most common plant distribution pattern was "an eastern origin community", though it compared similarly to the "Western" and "Widespread" distribution pattern. We established an ecological plant community composition class for each island, based on clustering species assemblage dissimilarity measurements (Jaccard Index), and a measurement of phylogenetic dissimilarity (UniFrac). We modelled these composition classes and species richness values in non-parametric algorithmic models and concepts (data cloning using machine learning, stochastic boostingTreeNet) based on classic and Aleutians-specific island biogeography hypotheses. Plant species richness is strongly associated with the equilibrium model variables of area and island isolation, as well as distance to the Alaska Peninsula, and island total stream length. Species composition is strongly associated with the landmass groups during the last glacial maximum, maximum island elevation, island isolation and island area. Phylogenetic composition is associated with island area, distance from the islands to the Chukotka Peninsula, maximum island elevation, island geologic age, and island isolation. This study extends the equilibrium theory of island biogeography by including additional drivers of diversity during the Anthropocene, such as the landmass during the LGM, as well as factors that may be related to anthropogenic extinction rate.
Introduction
The Aleutians are a narrow arc of islands spanning the Bering Sea between northwest America and northeast Russia. They offer an opportunity to test and quantify classic predictions of Island Biogeography concerning species richness vs. island area and isolation. As the only narrow island chain linking two continents, the Aleutians also have a unique geographical conformation that offers additional chances to explore how organisms have moved between continents, via analysis of species distribution patterns and variation in inter-island species composition. The islands are remote from large human population centers, and the extant flora on each island is likely to have been predominantly formed by processes free of human influence (Ricklefs, 1987; Forman, 1995) . However, a number of islands have experienced human activities (livestock release, human settlement, military installations, etc.), and so the Aleutians also offer a chance to test anthropogenic effects on species richness and composition.
Using records of plant species presence from new fieldwork and existing herbarium specimens, we constructed plant species lists for thirteen of the Aleutian islands (sharing them fully as open data; see associated data files: doi:10.5061/dryad. r12cq4r). We then performed analyses of factors associated with (i) species richness per island, (ii) distribution patterns of each species (classed into five types), and (iii) variation in species composition. Our results inform both our understanding of the biogeographic history of the Aleutians, and principles of conservation management of island plants.
1.1 Island biogeography theory 1.1.1 Island as natural experiments Islands can be seen as natural laboratories to understand wilderness and natural processes, and can be used for developing better conservation management (see Gerasimov, 2006 and Huettmann, 2008 for adjacent Sea of Okhotsk). Islands often host a uniquely evolved flora and fauna, and some remote islands have escaped human influence while adjacent ones are heavily affected. Of particular importance for the study of biotic assembly on islands and landscape patches has been the Equilibrium Model of Island Biogeography (Wallace, 1902; MacArthur & Wilson, 1967; Simberloff, 1974; Warren et al., 2015 for a review). The balance of arrival of new species through colonization and the disappearance of old species due to extinction based on island size and isolation, expressed as the equilibrium model, is one of the most influential theories within ecological biogeography (Whittaker et al., 2008) , and underlies theory and practice in conservation biology (see sources and sinks, e.g., Pulliam, 1988; Runge et al., 2006) . The equilibrium model has been applied to many island archipelagos to help understand species richness, species turnover, and extinction (MacArthur & Wilson, 1963) , including the Hawaiian (Juvik & Austring, 1979; Price, 2004) Galapagos (van der Werff, 1983; Yeakley & Weishampel, 2000) , and western Pacific islands (Adler & Dudley, 1994; Whittaker et al., 2008) , where island-specific factors such as human influence may have impacted the modeled equilibrium. In that regard, the species-area relationship, in particular, has been a focus of many studies (Blackman, 1935; Schoener, 1976; Connor & McCoy, 1979; Angermeier & Schlosser, 1989; Lomolino, 2000a; Lomolino & Weiser, 2001 ).
The role of history and dispersal barriers
Size and isolation alone are often insufficient to explain species richness on islands, however, since numerous geological, ecological, and human legacy factors may also determine the total number of species supported (Stuessy et al., 1998; Kreft & Jetz, 2007; Weigelt et al., 2016) . For example, environmental survival and dispersal ability are, in part, phylogenetically determined (Pearman et al., 2008) . Therefore, the dissimilarities of phylogenetic structure within insular assemblages may already indicate the constraining effects of geohistorical processes (Graham & Fine, 2008) . In an application of this concept, phylogenetic dissimilarity (Sanmart ın et al., 2008) has been utilized to provide insight into the historical constraints of the distributions of species between islands in the Japanese Ryukyu Islands (Kubota et al., 2011) . Identifying and quantifying the dispersal barriers (also referred to as "geohistorical" barriers; Kubota et al., 2011) and/or ecological constraints (i.e. "habitat filtering"; Cornwell et al., 2006) , which have acted on plant dispersal and development, are important factors for understanding area plant assemblages (Thornton et al., 2002; Silvertown, 2004; Kadmon & Allouche, 2007; Kubota et al., 2011) . It has also been proposed that island biogeography is in many instances now heavily affected by the activities of human populations, as we now live in the "Anthropocene" epoch, where ecosystems are dominated by global human influence (Helmus et al., 2014) . Clearly, plant distributional patterns on islands reflect a multitude of impacts.
The Aleutians islands 1.2.1 General characteristics and habitats
In the Alaskan Aleutians, we have an outstanding opportunity to study an island system and its patterns and processes (Forman, 1995;  Fig. 1 ). The Aleutian Islands are an "island scape" consisting of a long chain of mostly volcanic islands which run west of the Alaska Peninsula toward the Russian Kamchatka Peninsula, arcing between 51°and 56°N latitude. There are over 300 islands in the Aleutian arc. Permafrost is nowadays absent from the Aleutians and relatively high average temperatures are common for this latitude and Fig. 1 . Map of the Aleutian Islands. This map identifies the 13 Islands, which were determined to be "well-collected", as indicated by the abundance of documented voucher specimens. Island groups that include at least one island in the study are labeled. The three geographic gaps between island groups are also identified. The pink shading indicates areas, which were expected to be above sea level during the last glacial maximum's estimated lower sea level depths ($10-25 000 years ago).
Alaska (Tatewaki & Kobayashi, 1934; Yurtsev, 1994; Elvebakk et al., 1999) . Numerous active volcanoes in the chain contribute to a rugged topography and have affected the flora and fauna through extirpation of taxa (Thornton et al., 1988; Magn usson et al., 2009 ). The highest point in the chain is the volcanic Mount Shishaldin (2857 m) on Unimak Island (Fig. 1) . The Aleutian Islands are virtually treeless, and although the coastline is lush, the vegetation on the island arc is often characterized as "maritime tundra" (Hult en, 1960; Maron et al., 2006) . The Aleutian Islands have been affected by humans for several thousands of years, including recent warfare with a Japanese invasion during WWII in the 1940s, and subsequent U.S. military-bases in the cold war era (Byrd, 1984) .
Factors affecting Aleutian plant assembly
Plant distributional patterns in the Aleutian Islands reflect longitudinal and palaeogeographical influences such as direct and indirect effects of glaciation, as well as the effects of sea level changes on distances between islands (Tatewaki & Kobayashi, 1934; Hult en, 1937; Lindroth, 1961; Heusser, 1990) . In classic island biogeographic analysis of island plant assemblages, such habitat and geographical factors may be quantified. For example, island isolation (i.e., distance from the nearest island or continent), and island area are two important factors influencing immigration, speciation and extinction in an island environment (MacArthur & Wilson, 1967) . Maximum elevation can serve as an indirect measurement of island topographic complexity and may be associated with a larger number of unique ecological niches (Ricklefs & Lovette, 1999) . McCord (1980) proposed that the number of bays present on an island is a possible factor affecting the floristic composition in the Aleutian Islands. He noted that each bay or inlet has differing exposure characteristics associated with a particular floristic assemblage. Increasing bay number also results in a larger proportion of the island's mass having seashore riparian habitats. Similarly, he proposed that the stream lengths on each island may affect floristic composition, based on the observation that several rare species, particularly orchids such as Cypripedium guttatum Sw., appeared only along streams (McCord, 1980) . In addition, the presence of active volcanoes may be utilized as an indirect measurement of the probability that an island has experienced recent ecological disturbance. Volcanic eruptions may destroy or greatly disrupt an island's vegetation, as seen on Kasatochi Island in the Aleutians (Talbot et al., 2010b) , the Icelandic volcanic island Surtsey (Magn usson et al., 2009) , and the Krakatau Islands (Thornton et al., 1988; Whittaker et al., 2000) .
Several recent studies (Croll et al., 2005; Maron et al., 2006) suggest that seabirds have created a "habitat filter" across the island chain. This "filter" is created when seabirds provide both abundant nutrient subsidies and direct physical disturbance of the vegetation (Mulder et al., 2012) . This influence separately or additively selects for specific plant compositions and abundances across large island areas; exact details are not all well-known, yet.
While the Aleutian chain is an ideal island study system because of the islands' similar latitudes and soil types (Maron et al., 2006) , and many islands are protected areas (Huettmann, 2014) , the islands also show different legacies of human impact: indigenous people, settlements, warfare, military installations, livestock release, fox farms and rat control (Byrd, 1984) . Indeed, it has been proposed that in the Anthropocene era island biogeography is now dominated by the activities of humans (Wackernagel et al., 2002; Helmus et al., 2014) . We also quantify and include two anthropogenic factors in our analysis (fox introduction and presence of large, introduced mammals).
2 Materials and Methods 2.1 Data 2.1.1 Data sources Vouchered and identified collections from Monte Garroutte's visits to several Aleutian Islands were added to the taxon lists compiled for the study (Adak Island: July 30-31, 2010 , July 27-31, 2011 Buldir Island: August 3-26, 2010 , August 5-27, 2011 Rat Island: August 28, 2010; Attu Island: August 2-3, 2011; Kiska Island: August 29, 2011; Fig. 1) . The floristic composition of the Aleutian Islands used here was primarily based on herbarium specimens from the University of Alaska Museum database ARCTOS (http://arctos.database.museum, accessed October 10, 2012). Searches in ARCTOS were made using the "Locality" search option with island names specified. Plant taxon names and locality information were downloaded from ARCTOS and then converted into a spreadsheet. Published and unpublished island floras (Hult en, 1960; Shacklette et al., 1969; Amundsen, 1977; McCord, 1980; Byrd, 1984; Talbot & Talbot, 1994; Golodoff, 2001; Kenney & Kahler, 2010; Talbot et al., 2010a; Jones, 2011; Freeman & Garroutte, 2012 ) based on museum voucher specimens were also used as supplementary sources for assembling regional taxon lists and were manually entered into spreadsheets (see Supplemental A). Species nomenclature follows the Pan Arctic Flora (Elven et al., 2011; http://nhm2.uio.no/paf, accessed March 1, 2016) and the Flora of North America (Flora of North America Editorial Committee, 1993) . For taxonomy at the family level and above, the Angiosperm Phylogeny Group III project (APG III; Bremer et al., 2009 ) was consulted. Synonymous species names were merged into a single entry.
Islands included in the analysis
Species counts must be accurate, meaningful and at least be representative, for testing various area-number relationships in island groups. Therefore, only those islands that we deemed "well-collected" were included in the final analysis. To be deemed well-collected, islands had to include more than 150 vouchered collections from searches in ARCTOS, other online databases, published and unpublished floras, or independent collections by the author. A cut-off point of 150 was chosen as a general number of collections, which implied a minimal threshold of effort was expended for documenting the flora on that island (i.e., approximately 80%). All of the collections in the entire Aleutian chain were considered from each information source, so that no islands were eliminated from consideration in the analyses until all data collection had been completed. The islands were either well below or well above the chosen number of 150 collections. The Aleutian Islands meeting the "well-collected" criterion were Adak, Agattu, Alaid, Amchitka, Akutan, Atka, Attu, Buldir, Kiska, Rat, Umnak, Unalaska, and Unimak (Fig. 1) . The "well-sampled" islands are those most commonly included in previous research, were generally larger in area, and often the site of human settlements that allowed for easier logistics, and opportunistic collections, but they are spread across the Aleutian archipelago and represent the "macro character" of the flora.
Species characteristics
Each species included in the regional taxon data table was assigned values for several categories, including ploidy, growth form, and species lifespan (see Supplemental Material, and data archive in Data Dryad, doi:10.5061/dryad. r12cq4r). Ploidy level was scored as either diploid or polyploid, determined by the number of sets of chromosomes present in a cell. Polyploidy has been linked to greater ability to survive in small populations (such as on isolated islands; Lumaret et al., 1997) , and has been associated with species invasiveness, geographic dispersal, and an increased ability to adapt to a broader set of ecological conditions (te Beest et al., 2012; Vamosi & McEven, 2012; Madlung, 2013; Van de Peer et al., 2017) . Species that were cited to be both diploid and polyploid were recorded as both, based on references in the Pan Arctic Flora (Elven et al., 2011) , the Flora of North America (Flora of North America Editorial Committee, 1993), or the Index to Plant Chromosome Numbers (Goldblatt & Johnson, 1979;  http://www.tropicos.org/Project/IPCN, accessed March 1, 2016). Growth form for each species was determined to be graminoid, shrub/subshrub, forb, or fern/fern ally, as determined from observation or general knowledge of the family or genus. The relative importance of edaphic and climatic variables have been shown to be varied with growth forms, with trees being more related to climate whereas lower growth forms were more related to edaphic conditions (Beauregard & de Blois, 2012) . The taxon lifespan was coded as either perennial or annual, as indicated, preferentially, in the Pan Arctic Flora (Elven et al., 2011) , the Flora of North America (Flora of North America Editorial Committee, 1993), or the USDA PLANTS Database (USDA & NRCS, 2016; http://plants. usda.gov, accessed March, 2016) . Species observed to be both perennial and annual were recorded as "both". A longer life span has been shown to decrease the probability for a plant to go extinct in a patch (Eriksson, 1996) .
Island characteristics and attributes
Multiple geological characteristics and geographical distances were identified and quantified for each of the islands in the study area. The maximum elevation (m) of islands was determined using USGS topoView (http://ngmdb.usgs.gov/ maps/topoview/, accessed April, 2016), while volcanic islands were identified using the USGS/Alaska Volcano Observatory database (http://www.avo.alaska.edu/volcanoes/, accessed August 10, 2013), which indicated the presence of volcanoes, and which volcanoes were considered historically active, active in the Holocene, or active within at least the last two million years. Island areas (km 2 ), mapped stream length (km), number of bays, and geologic ages (determined by how many ages of rock were present on the island) were taken from McCord (1980) and tabulated (Table 1 ; see example of island characteristics for Buldir in Fig. 2 ). Islands with a history of fox introduction (i.e., islands with extirpated seabird colonies; West & Rudd, 1983) and islands with native red fox (Vulpes vulpes L.) populations (on the far-eastern Aleutian Islands; Bailey, 1993) were recorded for the analysis, although this was not expected to be an important predictor since it was determined that only one island in the study (Buldir) had no historical fox introduction or native fox population ( Fig. 2 ).
Other factors included in the analysis
The geographic distances (km) between islands, island latitude (°N), distance from the Alaska Peninsula, the Kamchatka Peninsula, the Southeast Alaska Coast, the Alaska Yukon Plain, the Seward Peninsula, the Chukotka Peninsula, and distances from known geologic gaps (e.g., Buldir Gap, Amukta Pass, Amchitka Pass; Fig. 1) were measured manually to closest edges using Google Earth (km; https://www.google. com/earth/, accessed August, 2013). For distances from geologic gaps that are situated inside the Aleutian chain, islands to the west of the gaps were given negative distance values, while islands to the east of the gaps were given positive values. These measurements provided a quantitative measure of distance for each island from each geographical gap, differentiated into two groups based on which side of the gap they were found. Distances from Amukta Pass (70 km), Amchitka Pass (96 km), and the Buldir Gap (230 km) were included in the analyses (Fig. 1) . Bathymetry was used as an approximation of which islands in the study area would have been part of larger landmasses during the last glacial maximum when sea levels were estimated 120-135 m lower than at present (Clark & Mix, 2002 ; U.S. Department of Commerce, National Oceanic and Atmospheric Association, National Ocean Service Coast Survey Charts #16011 and #16012; http://www.charts.noaa.gov/OnLineViewer/ AlaskaViewerTable.shtml, accessed March 15, 2016; Fig. 1 ).
Analysis: General approach
We used two primary types of analysis: (i) descriptive and simple comparative quantitative analysis of the five classes of geographic distribution per species, and (ii) advanced regressions of (a) species richness, (b) modified species composition, and (c) other response variables against various predictor variables per island.
Classes of geographic distribution
In addition to the presence and absence of each species on each island, we also classified species according to general patterns of distribution (widespread, eastern, western, central, and disjunct; cf. van Welzen et al., 2005) . Following the compilation of a regional taxon data table for the Aleutian Islands, and the assignment of each species to islands in the study area based on their presence or absence, each species was assigned a classification based on its distribution pattern across the study area. Distribution pattern classifications were based on the presence or absence of a species within the four main islands groups that stretch east-west (Fig. 1) . The occurrence frequency of genera, families, and species characteristics on each island in the study area were also determined once species distribution data were collected.
In addition, the regional taxon data table was compared to plant species lists from multiple regions in Eastern Russia and Alaska, compiled by Ickert-Bond et al. (2013) from the University of Alaska Museum database ARCTOS and from the Checklist of the Flora of the Chukotkan Tundra (Yurtsev et al., 2010) as well as the Checklist of Wrangell Island (Petrovsky, 1988) . Additional floristic information was obtained from the Flora of the Commander Islands (Mochalova & Yakubov, 2004) , and the Flora of Kamchatka (Yakubov & Сhernyagina, 2004) . This comparison was utilized to determine which species in the study area were also present or lacking in each of these regions for inclusion in the matrix. As a third distributional indicator, species occurrence data from the Global Biodiversity Information Facility (GBIF; http://www. gbif.org/, accessed March 15-16 and April 3-4, 2016) was downloaded for the identified geographic regions in Russia and Alaska. Searches in GBIF were made using the "Occurrence" search, with "Plantae" specified as the "Scientific Name" parameter, and geographical coordinates entered into the "Location" parameter to specify a bounding box or polygon of the search area (see References for GBIF search data download links). LGM_SL, Island/landmass connected during the lowest sea water level during the last glacial maximum; Elev, maximum island elevation (m); Volc, volcanic islands (0/1); D_AkP, distance from the Alaska Peninsula (km); D_KP, distance from the Kamchatka Peninsula (km); D_YP, distance to the Yukon Plain (km); D_SP, distance from Alaska's Seward Peninsula (km); D_Chu, distance to the Chukotka Peninsula (km); D_NI, distance to the nearest island (km); D_BG, distance from the Buldir Gap (km); D_AmcP, distance from Amchitka Pass (km); D_AmuP, distance from Amukta pass (km); Nbay, number of bays on the island; Str_km, mapped stream length (km); GeoA, geologic age of the island; Lat, island latitude; Foxes, Islands which have had foxes introduced or native fox populations (0/1); LargeMam, large hooved mammals have been introduced or are native to the island (0/1); Mean, the average value for the variable; St.Dev., the standard deviation of the range of values; Max, maximum value per variable; Min, minimum value per variable. Summary statistics shown in bold.
The regional taxon data table was compared to these occurrence lists. Co-occurring species in both the study area and each region were recorded. Species assemblages from individual islands in the study area were also directly compared to the nearest adjacent regions, including the Kamchatka Peninsula, the Alaska Peninsula, and the two region composites comprised of all the adjacent regions in Russia and Alaska, referred to as "Alaska Mainland" and "Eastern Russia". Both the number of species and the proportion of the islands' species shared with the adjacent regions were calculated and added in the analysis (see Supplemental A).
Data mining and machine learning models
Several methods may be suitable to identify, infer and quantify the impact of an island's independent variables (distance, dispersal barriers and ecological constraints) once dependent variables have been identified and quantified (see Breiman, 2001a for performance and concepts). Phylogenetic dissimilarity between islands, for example, has been analyzed using the multiple regression on a distance matrix approach (MRM; Nakamura et al., 2009 ). However, the use of linear regression models (such as MRM) in ecology is often not ideal because of the required high level of statistical knowledge and assumptions required to describe large ecological data sets (McArdle, 1988; Oppel et al., 2009) . Furthermore, ecological relationships are virtually never linear or parametric (e.g., De'ath & Fabricius, 2000; Whittingham et al., 2006) reducing such concepts to "eye-balling", or worse (see Elith & Leathwick, 2007 for plants and inference; Reinhart, 2015) .
Non-parametric algorithmic models, such as those generated in TreeNet analyses (i.e. boosted regression trees; Salford Systems, 2001) are described to be more robust (e.g., Breiman, 2001a Breiman, , 2001b Hastie et al., 2001) . They are known to cope better with large numbers of predictor variables with limited observations (e.g., Craig & Huettmann, 2008; Hegel et al., 2010) . In data mining TreeNet analyses ("boosting"; Friedman, 2002) , predictor variables can be either categorical or continuous and the algorithm makes "best" use of predictors offered, allowing for a large number of predictor variables to be included (Cutler et al., 2007; Oppel et al., 2009 ). Analyses combining island classes (e.g., based on phylogenetic dissimilarities) with a TreeNet analysis for finding predictors provides for an ideal and rational examination of the historical constraints influencing floristic assemblage in an island system when the use of latest methods and data mining is the goal.
Multiple response variables were compiled from the dataset to provide alternative sets of response indices between Aleutian Islands for input into the models. This included cluster groups based on compositional similarity (Jaccard dissimilarity and UniFrac distance), but also included tables of island family, genus, and species richness, as well as the frequency of perennials, annuals, forbs, shrubs/subshrubs, graminoids, ferns/fern allies, diploids, and polyploids, and their proportions by the total island species number (Table 2) . Proportions and frequency of specific genera and families by island were also explored as a potential response variable.
Dissimilarity measures
Although species richness is a feature of the equilibrium model, there are numerous dissimilarity coefficients that vary based on their suitability for different applications and input data, and represent appropriate measures of Aleutian Island floristic composition (Faith et al., 1987) . The Jaccard dissimilarity index, which was developed to compare regional floras (Jaccard, 1912) , is a classic and widely applied dissimilarity measurement that is useful for detecting underlying ecological gradients between communities (Faith et al., 1987) . Phylogenetic (DNA-based) dissimilarity measures, such as UniFrac (Lozupone & Knight, 2005) , may also be used as an alternative measurement of island dissimilarity. As environmental survival and dispersal ability are also phylogenetically determined (Pearman et al., 2008) , phylogenetic dissimilarity may reveal the historical constraints of environmental differences across a system, if there is a strong ecological gradient (Kubota et al., 2011) .
The Jaccard dissimilarity index was calculated between the Aleutian Islands (Jaccard, 1912) , as a measure of species assemblage dissimilarity using the function Vegdist in the package "vegan" (Oksanen et al., 2016) 
To determine the phylogenetic dissimilarity between Aleutian Islands, an Aleutian phylogenetic tree composed of all the species in the study area was constructed from an APGIII-derived "megatree" using the software package Phylomatic 3.0 (Webb & Donoghue, 2005; Bremer et al., 2009) , referencing the methods used in Kubota et al. (2011) . Tree branch lengths in the resulting Aleutian phylogenetic megatree were then adjusted using the bladj in Phylocom 4.2 (Webb et al., 2008) to reflect the phylogenetic distance between plant families using fossil-based inferences of angiosperm family ages (Wikstr€ om et al., 2001 ; see the chronogram in Dryad). The phylogenetic beta diversity Island, island name; Total_sp, total number of species; Jaccard, Jaccard dissimilarity based non-phylogenetic cluster group; UniFrac, UniFrac distance-based phylogenetic cluster group; Family, number of families; Genus, genera; Perennial, perennial taxa; Annual, annual taxa; p_perenn, proportion of perennials to annuals; p_ann, proportion of annuals to perennials; Forb, forb taxa; Shrub, shrub and subshrub taxa; Gram, graminoid taxa; Fern.Ally, fern and fern ally taxa; p_forb, proportion of forbs vs. shrubs and subshrubs, graminoid, and fern/fern ally taxa; p_shrub, proportion of shrub taxa; p_gram, proportion of graminoids; p_fern, proportion of fern and fern ally taxa; Diploid, diploid taxa; Polyploid, polyploid taxa; p_dipl, proportion of diploid to polyploid taxa; p_polyp, proportion of polyploid taxa; Mean, the average value for the variable; St.Dev., the standard deviation of the range of values; Max, maximum value per variable; Min, minimum value per variable. Summary statistics shown in bold.
between islands was then calculated using the unweighted UniFrac distance metric (Lozupone & Knight, 2005) using the function UniFrac in the R package "phyloseq" (McMurdie & Holmes, 2013) .
Clustering response variables
Aleutian Island dissimilarity matrices were transformed to cluster values for input into the TreeNet models. The Jaccard dissimilarity matrix was clustered with the Unweighted Pair Group Method with Arithmetic Mean (UPGMA) using the function agnes in the R package "cluster" (Maechler et al., 2012) , to reveal how the islands would be clustered based on their Jaccard dissimilarity (Michener & Sokal, 1957) . The phylogenetic UniFrac distance matrix, derived from the Aleutian phylogenetic megatree, was also clustered with UGPMA, to group the islands based on their phylogenetic dissimilarity. Each cluster dendrogram was visually grouped into subclusters which were each assigned a nominal class value.
Correlations between variables
Correlations between the sets of both response and predictor variables were calculated using the function varclus À Variable Clustering, in the R package "Hmisc" (Harrell, 2008) . Using varclus, correlations between variables were identified and were used to "prune" datasets for input into different models, to identify potential multicollinearity, and to guide the interpretation of analyses. Those visualizations are known to be powerful and allow for a first visual mining of the otherwise complex data cube. Correlations were calculated using a non-parametric Spearman's rank-order correlation (Croux & Dehon, 2010) , and the results were clustered using hierarchical clustering.
TreeNet modeling
Non-parametric algorithmic models were favored for modeling the association between several response variables that describe the regional taxon dataset and the predictors, because parametric and/or linear ecological relationships are virtually nonexistent (De'ath & Fabricius, 2000; Whittingham et al., 2006) . Machine learning methods based on classification trees (Breiman, 2001a (Breiman, , 2001b were utilized here, as they may analyze categorical or continuous variables, are known to account for complex ecological interactions between variables (Guisan et al., 2006) , and are not confounded much by outliers or multi-collinearity between variables (Vayssi eres  et al., 2000) . Analyses were subsequently carried out using the TreeNet software (Friedman, 2002) , a module of Salford Predictive Modeler 8.0 (Salford Systems, 2001 ). This is one of the best known data mining algorithms on the market and to tackle data like ours. The TreeNet software was utilized to construct multiple boosted regression trees to investigate the possible relevance of the predictor variables on patterns of species richness and species similarity. With this algorithm, a subsample of the training data set is drawn randomly at every iteration, without replacement, and then is used to compute the model for the current iteration based on a classification and regression tree (CART; Breiman et al., 1984 , Friedman, 2002 . Many small subsample sizes help prevent overfitting and create best predictions to infer from (Breiman, 2001a) .
2.4.5 Use of data cloning with machine learning Given that there were few observations in the dataset (13 islands) but multiple predictors (20), a traditional analysis of the dataset can be considered to lack sufficient degrees of freedom (Quinn & Keough, 2004; Zar, 2010) . However, new analytical methods allow researchers to resolve this problem.
To overcome the dataset size limitations, with an initial set of 13 island rows, and 20 predictor columns, the dataset had to be "cloned" (Lele et al., 2007 ; for an application see Jiao et al., 2016) . Our use of data cloning is a novel approach because we are not using it with a linear regression or similar parametric methods and assumptions (e.g., GLMs; Lele et al., 2007) .
Instead it involves cloning data with machine learning (a nonparametric method), implemented here as a pre-screening and pre-finding method for finding new and relevant correlates between macro-scale objects (islands), attributes and plant diversity in a data set that otherwise cannot be analyzed well in the traditional mindset. Our approach is fully used in the sense of Jiao et al. (2016) , making the signal in the data more robust for its detection and subsequent analysis and inference. Without data cloning, we are stuck with the degrees-offreedom problem for analysis without information or introducing enough repeated data to influence statistical support. In regards to this concern, because we used, TreeNet, a "Stochastic Gradient Boosting" technique based on CARTs where a subsample of the training data set is drawn randomly at every iteration, without replacement, and then is used to compute the model for the current iteration (Friedman, 2002) , data cloning overcomes a classic constraint in such studies and thus provides new insights.
The dataset was cloned four times; models using the same variables and parameters were run for each clone set. Both the species richness (Total_sp) and the island cluster group number derived from non-phylogenetic species dissimilarity distances (Jaccard) response variables were used for testing data cloning sensitivity. Iterative models were run to assess stability with increasing dataset clones. Cloning the original dataset resulted in increased R 2 values with additional clones, and a decrease in the mean squared error (MSE) between clones. Model results from each clone were compared, and it was found that additional clones had not modified the important variables for either response variable. Our approach had not greatly skewed the model results and the four cloned datasets could therefore be used for additional modeling in a robust fashion (based on outside comparisons).
Potential response variables were correlated and then clustered into three subclusters. At least one variable from each major subcluster was included in subsequent analyses as the response variable to determine if the different sets of predictors were associated with different uncorrelated facets of the floristic composition across the islands. The "Total Species" variable (i.e. species richness) and Jaccard dissimilarity cluster groups were the primary response variables modeled for approximating species richness and similarity between islands.
Several models were developed from the dataset for each response variable. All response variables were input into a model with all twenty available predictors (the "All (20)" model) and one with all non-categorical predictors (the "noncategorical (15)" model). The second model run with all three response variables was the "Ecological Niche (6)" model, which included the predictors of maximum elevation (ELEV), number of bays (NBAY), total stream length (Str_km), the island's history of volcanic activity (VOLC), the approximate island latitude (LAT), and island area (AREA). A third model, which attempted to focus on island disruptions (the "Distruption (4)" model), was run using the island geologic age (GEOA), island volcanic activity (approximating potential eruption effects; VOLC), whether foxes had been introduced or were native to the island (FOXES), or if large mammals had been introduced or were native to the island (LARGEMAMM). The equilibrium model ("Equilibrium (3)"), which describes the influence of island area, isolation, and island age, was approximated with the island area (AREA), distance to nearest island (D_NI), and geologic age (GEOA) predictors. Interpretation was assessed based on model scores and variable importance. Regression models were run with the species richness response variable (Total_Sp), and models were assessed by the area under the receiver operating characteristic curve (ROC), mean squared error (MSE), and R 2 values. Classification models were run with the island cluster group number derived from non-phylogenetic species dissimilarity distances (Jaccard) and the phylogenetic cluster groups' (UniFrac) response variables, and were assessed with classification accuracy, ROC, average negative log-likelihood (Avg. LL (neg.)), and tree misclassification rate. Partial dependence plots were generated for the most important predictor variables in the best model for each response variable. Partial dependence plots exhibit the relationship between the response and a predictor with compensation for the influence of the other variables in the model.
Results
3.1 Data summaries 3.1.1 Species richness A total of 520 vascular plant species in 231 genera and 69 families are present on the 13 well-collected Aleutian Islands (i.e., Adak, Agattu, Alaid, Amchitka, Akutan, Atka, Attu, Buldir, Kiska, Rat, Umnak, Unalaska, and Unimak; Fig. 1) . Out of the total, 11 plant species are present on all 13 islands. The species richness on each well-collected island ranged from 74 (Alaid) to 366 species (Unalaska; Fig. 3) . Species richness by area ranged from 0.06 species/km 2 (Unimak) to 10.7 species/km 2 (Alaid), with an average of 1.87 species/km 2 /taxon (Table 2) .
Species characteristics
No linear trends were obvious in the variation of the proportion of species with key characteristics across the island arc (Fig. S1 ). The polyploidy/diploid ratio ranged from a 55% on Unalaska Island to 66% on Rat Island (mean by island was approx. 60%). Due to taxonomic uncertainty or a lack of data, we were unable to determine the ploidy level for 31 species. Species growth form data indicated that the species in the study were separated into the following numbers and total proportions: Forbs (295 species, $56.7% of total), graminoids (127, $24.4%), shrubs/sub-shrubs (58, $11.1%), and ferns/fern allies (41, $7.9%). 494 species are perennials ($95% of the total species), and 35 are annuals (see Supplemental Material and associated data files: doi:10.5061/dryad.r12cq4r Supplemental A).
The relative abundance distribution of families and genera is shown in Fig. S2 . For both genera and families, those with one taxon in the dataset were most frequent, including 24 families and 139 genera. Poaceae (64 species), Asteraceae (40 species), Cyperaceae (32 species), and Brassicaceae and Rosaceae (both with 27 species) are the families with the largest number of species in the dataset (Fig. 4A) . Carex L. (26 species), Ranunculus L. (15 species), and Poa L. (13 species) are the genera with the most number of species in the dataset (Fig. S2B) .
Characteristic of islands
Island area ranged from Alaid's 6.9 km 2 to Unimak's 4069.9 km 2 , with an average of 970.4 km 2 and a standard deviation of 1279.8 m (Fig. 3) . Maximum island elevation ranged from Alaid's 29.6 m to Unimak's 2856.9 m, with an average of 1 116.9 m and a standard deviation of 851.57 m. Seven islands were categorized as "volcanic", including Adak, Akutan, Atka, Buldir, Kiska, Umnak, Unalaska, and Unimak. Kiska, Atka, Umnak, Unalaska, Akutan, Unimak have volcanoes that are considered "historically" active, while Buldir and Adak have volcanoes that were active in the Holocene. The Fig. 3 . Aleutian Islands plant species log area/log species richness plot. A logarithmic trend line was added (R 2 ¼ 0.51). Fig. 1 ).
Species distribution classes
We classed distribution patterns into five types: Western, Central, Eastern, Disjunct, or Widespread class (Fig. 4) . The most common pattern was the Eastern pattern, with 141 species (27.1%), followed by the Western pattern, with 131 species (25.2%). The third most common pattern was Widespread, with 116 species (22.3%), followed by 95 species (18.3%) that showed a Disjunct pattern, and 37 taxa (7.1%) were restricted to the Central island groups (The Rat and Andreanof Islands; Fig. 4 ). The number of shared species between the study area and adjacent regions ranged from 255 shared with the Alaska Peninsula, to 27 shared with Inland Eastern Russia (Fig. 5) . In a comparison of the study area with the composite of adjacent regions of Eastern Russia and Mainland Alaska, 295 species were shared with Eastern Russia, and 363 with Mainland Alaska.
In direct island-to-adjacent region comparisons, island species assemblages shared from 39 (Alaid) to 195 (Unalaska) species with the Alaska Peninsula. Islands shared 31 (Rat) to 147 (Unalaska) species with the Kamchatka Peninsula, 49 (Alaid) to 266 (Unalaska) species with the Alaska Mainland and 41 (Alaid) to 214 (Unalaska) species with Eastern Russia. In the direct island-to-adjacent region comparisons, Unalaska Island shared the most species with all of the regions compared. Overall, our data did not support a clear pattern of an increasing total number of species shared with westadjacent or east-adjacent regions with geographical proximity. When shared proportions of the island assemblages were plotted against the linear order (1 to 13) west to east, however, there was a supported linear trend (R 2 ¼ 0.6911) of increasing shared proportion from west to east towards the Alaska mainland. There was no support for a linear trend of increasing shared proportion with either the Kamchatka Peninsula or Eastern Russia, in either direction (see Supplemental A).
3.3 TreeNet regressions models 3.3.1 Species compositional similarity among islands Using unweighted pair group mean-averaging, the Aleutian Islands were clustered into two different trees, one based on the Jaccard dissimilarity matrix of species presence/absence (Fig. 6A) , and one calculated from the phylogenetic unweighted UniFrac distance matrix (Fig. 6B) . The membership of islands in the respective clusters differs between the two different measures of dissimilarity. For example, Buldir 3.3.2 Clustering correlated independent and dependent variables As outputs of the varclus function, response variables and predictors were clustered into two different dendrograms based on their correlation strength (Fig. 7) . The cluster of response variables split broadly into three correlated clusters (Fig. 7A) . The cluster of predictors (Fig. 7B) shows five distinct clusters of correlated variables.
Species richness
The species richness response variable (Total_sp, regression) was modeled with 500 regression trees using the island characteristics and species distributions by island data. This indicated that the best of the five models was the all noncategorical predictors model ("Non-categorical (15)"; Table 3 ).
This model indicated that the species richness variable is most associated with island area (Area), distance to the Alaska Peninsula (D_AKP), island isolation (D_NI, distance to nearest island), and the total length of streams on the island (STR_KM; Fig. 8A ). Overall, 9 of the 20 predictors were identified as important in this model, which had a ROC of 0.92594 (R 2 ¼ 0.62147). The partial dependence plot using the island area predictor indicated that, given the influence of the other predictors in the model, there is a plateau in species richness for islands between $300 and 1800 km 2 (Fig. 9A) . A second plateau in species richness was identified at 2700 km 2 and greater. The partial dependence plot of the second most important predictor, distance to the Alaska Peninsula (D_AKP), indicates that there is a decrease in species richness in islands which are separated from the Alaska Peninsula by $250 km or more (Fig. 9B) . 
Species composition vs. predictor variables
Using the same dataset, modeling 500 classification trees, the best model for the island cluster group number derived from non-phylogenetic species dissimilarity distances (Jaccard, classification) was the all-available predictors model ("All (20)"; Table 3 ). This model indicated that the non-phylogenetic cluster groups (Jaccard) response variable is most associated with the landmass groups during the last glacial maximum (LGM_SL), maximum island elevation (ELEV), island isolation (D_NI), and island area (AREA; Fig. 8B ). Overall, 14 of the 20 predictors were identified as important in this model, with 22 misclassified trees out of 500 (ROC ¼ 1).
3.3.5 Phylogenetic community similarity vs. predictor variables Using the same dataset, modeling 500 classification trees, the best model for the island cluster group number derived from phylogenetic species dissimilarity distances response variable (UniFrac) was the all-available predictors model ("All (20)"; Table 1 ). This model indicated that the phylogenetic cluster group (UniFrac) response variable is most associated with the island area (Area), distance to Chukotka (D_CHU), maximum island elevation (ELEV), the geologic age of the island (GEOA), and island isolation (D_NI; Fig. 8C ). Overall, 13 of the 20 predictors were identified as important in this model, with 13 misclassified trees out of 500 (ROC ¼ 1).
Discussion
4.1 Species richness 4.1.1 Species richness versus island area A total of 520 vascular plant species (231 genera and 69 families) are present on the 13 well-collected Aleutian Islands, which range across 51°and 55°N. Table 4 compares the Aleutian Islands with other island groups, which indicates the large area, species poor character of the Aleutians. For the species richness response variable (Total_sp, regression), the best of the five models was the all non-categorical predictors model ("Non-categorical (15)"; Table 3 ). This model indicated that the species richness variable is most closely associated with island area (Area), distance to the Alaska Peninsula (D_AKP), island isolation (D_NI, distance to nearest island), and the total length of streams on the island (STR_KM; Fig. 9 ). The last two predictors provide insight into island biogeography drivers for the area. Whereas the species-area curve for Fig. 6 . Aleutian Islands plant species dissimilarity clusters. These cluster dendrograms were calculated from dissimilarity matrices using Unweighted Pair Group Mean Averaging (UPGMA). Tree A was calculated from a Jaccard dissimilarity matrix, using the vascular plant species presence/absence on each island. Tree B was calculated from an unweighted UniFrac distance matrix, as an approximation of the phylogenetic diversity of the plant species between islands. Numbers within boxes were visually assigned classes used as input response variables for the analyses as the island cluster group number, i.e, nonphylogenetic (A) and phylogenetic (B) cluster groups. The agglomerative coefficient is a unitless measurement of the strength of the dendrogram, produced by the clustering function. Total_sp, species richness; Jaccard, non-phylogenetic cluster group based on Jaccard dissimilarity species composition; UniFrac, phylogenetic cluster group based on UniFrac distance species composition; ROC, receiver operating characteristic; MSE, mean squared error; Avg. LL (Neg.), average negative log likelihood. Ã Asterisks indicate the best model.
the Aleutians (Fig. 3) supports expectations under MacArthur and Wilson's equilibrium model of island biogeography (1967) that an island's distance from a mainland source of new immigrants, despite its size, is an important factor in species richness. We find an increase in logarithmic species number with log area and a linear trend was fit to the data, as has been observed with many other island studies ( Fig. 9A ; McNeill & Cody, 1978; Connor & McCoy, 1979; Rosenzweig, 1995) . To further analyze this expected relationship, the slope of the species-area curve would often be evaluated against the equilibrium model parameters (Connor & McCoy, 1979) . Although this approach is useful for meta-analysis of multiple island groups (e.g., Matthews et al., 2016) , its use as an analytical tool across a single island group is somewhat limited, since the logarithmic plot adjusts the dataset into a small area, which, while making complex data easy to view, does not greatly aid in fine-scale interpretation of the speciesarea relationship. In the current study, however, the TreeNet model outputs partial dependence plots that allow us to infer interactions between each individual predictor and the species richness more directly.
The partial dependence plot using the island area predictor indicated that, given the influence of the other predictors in the model, there is a plateau in species richness for island sizes ranging from $300 to 1800 km 2 (Fig. 9A ). This is accompanied by a second plateau in species richness at 2700 km 2 and greater in island size. We found that island size does not automatically increase species richness, and neither in a linear fashion. We identified three groups of islands and where other factors than area come to play: islands less than 300 km 2 , islands between 300 and 1800 km 2 and islands larger than 1800 km 2 . This means that at each level area size has no apparent and direct impact on species richness; and it remains there on the three identified subsequent levels (low, medium, and high). More study is needed but we think this pattern is due to human activities on those islands. For instance, small islands react quickly to human impacts and large islands can have flat areas where diversity is affected easily, but with medium-sized islands showing intermittent impact.
In contrast to the logarithmic plot, the pattern of species richness and island area interactions is not linear, and we have identified two island size thresholds for further investigation. A three-phase species-area curve has been observed or evaluated in other ecological studies (Preston, 1960; Shmida & Wilson, 1985) , although there has been some disagreement to the shape of phases and their causes (Gray et al., 2004; Storch, 2016) . A "flat-steep-flat" sigmoidal pattern has been described where species richness appears independent of island area for relatively small islands, and for collections from the largest islands (Lomolino, 2000b) ; as well as a "steep-flat-steep" pattern, where island area and species richness are more dependent at either end of the curve (Fridley et al., 2005) . The Aleutian Islands appear to have a "steep-flat-steep" speciesarea curve in the partial dependence plot, where the species richness-island area interaction is adjusted for all other factors in the model (Fig. 9A) . The three size ranges of islands that fit the three slopes on the species area curve therefore may. B, indicate appropriate starting points for finer scale analyses of species richness in the Aleutians.
Species richness vs. island isolation
Island isolation, measured as the distance to the nearest island (D_NI), was one of the most important variables in the best species richness model (Fig. 8A) . Island isolation is one of the equilibrium model variables (MacArthur & Wilson, 1963 , 1967 , and is often measured as distance to the mainland rather than between islands. Measured as inter-island distance, this isolation measure is not always strongly related to species richness-it had no effect on richness or similarity of islands on insular floras near Perth, Western Australia (Abbott, 1977) . "Archipelago effects", including the relationship(s) between island isolation and species richness within archipelagos, are often discussed as shortcomings to the equilibrium model in the island biogeography literature (Lomolino et al., 2010) .
As a different isolation measure, the distance from the Alaska Peninsula (D_AKP) was an important variable in the best species richness model (Fig. 8B) . The importance of the Alaska Peninsula distance variable indicates that it may be a primary "source" location for the Aleutians, and that geographic location along the east-west distribution of the chain is important for species richness. This corresponds with a meta-analysis of over 17 000 of the world's marine islands, where richness was generally reduced on islands with increasing distance from the mainland (Weigelt et al., 2013) .
The Aleutian Islands share more species with the Alaska Peninsula than any other adjacent region. For islands such as Hainan Island, China for instance, comparisons of the floristic similarity to adjacent potential source areas has been used as supporting evidence for the island's continental origin (Zhu, 2016) . 4.1.3 Species richness vs. island topography As indicated by Stuessy et al. (1998) , various geological, historical, and environmental factors may affect species richness and composition on islands in addition to the three variables put forth in the equilibrium model. In the best model for species richness in the Aleutians, the most important non-equilibrium model predictor was the island total stream length (STR_KM, Fig. 8A ). McCord (1980) proposed that the number of bays present on an island is a possible factor affecting the floristic composition in the Aleutian Islands. He noted that each bay or inlet has differing exposure characteristics associated with a particular floristic assemblage. Increasing bay number also results in a larger proportion of the island's mass having seashore riparian habitat. Similarly, he proposed that the stream lengths on each island may affect floristic composition, based on the observation that several rare species, particularly orchids such as Cypripedium guttatum, appeared only along streams (McCord, 1980) . In the best species richness model, stream length (STR_KM) was one of the most important predictors. In the cluster of correlated predictor variables (Fig. 7B) , stream length (STR_KM), was clustered with island area (Area). In the partial dependence plot for STR_KM and species richness, however, it does not match the species-area curve pattern (Fig. 9D) . Instead there is a single plateau at approximately 200 km of stream length. Six of the thirteen islands examined had stream lengths exceeding that threshold. A meta-analysis of landscapes across the globe indicated that, in general, species richness increases by 50% or more on average when riparian habitats are present by harboring different species pools than adjacent upland habitats (Sabo et al., 2005) . It appears that the Aleutian Islands reflect this increase of species richness with increasing area of stream riparian habitat-though 200 km of stream length may represent the maximum limiting factor on species richness through streamside vegetation (Fig. 9) . Additional floristic data collection in the Aleutian Islands could be guided by the testing of hypotheses that may be developed utilizing the results from this partial dependence plot and others using this dataset.
Species distribution classes
Barriers to species distribution are often the focus of biogeographic studies (e.g., van Welzen et al., 2005) , and are often first identified by charting species distributions across a large area. It has been suggested that the Aleutian Islands have likely acted as a route for plant dispersal across the North Pacific in both directions (Heusser, 1990; Talbot et al., 2010b) , where each mainland area likely acts as a "source" for the island assemblages, while the islands may act as "sinks" (Pulliam, 1988) . The current dataset indicates a large number of species with either "Eastern" or "Western" distributions, and a large number of shared species between the entire study area and nearby regions, including the Alaska Peninsula (255 species) and the Aleutian-adjacent Russian Commander Islands (163 species; Fig. 5 ). On island groups such as the Kuriles, the island group species compositions also strongly reflects the character of mainland sources on either end, with influences from the Asian mainland and the Kamchatka Peninsula, which also represents the closest continental source to the western side of the Aleutian Islands. (Pietsch et al., 2003) . In the Ryukyu Islands, which stretch between Taiwan and Japan's Kyushu Island, historical barriers within the island chain reflect strong differences in composition, and more closely resemble the closer mainland sources. In an analysis of the Subantarctic islands, strong regional differences were observed based on the nearest continental sources (Van der Putten et al., 2010) . Similarly, Hoffman (2011) analyzed 66 arctic islands and showed strong floristic similarity between islands and the adjacent arctic mainland.
Using data from Hult en's Flora of the Aleutian Islands (1960), Lindroth (1961) recognized a unique pattern of plant distribution in the Aleutian Islands. North American endemic plant species were found in an increasing proportion of the flora with closer proximity to the Alaskan mainland, while Asian endemics increase in proportion towards Kamchatka (Lindroth, 1961) . While the current dataset indicates that certain plant species are present in the western and eastern ends of the Aleutian chain that strongly reflect their adjacent mainland regions, such as the Kamchatka thistle (Cirsium kamtschaticum Ledeb. ex DC.) and Parasenecio auriculatus (DC.) H.Koyama reflecting an Asian character, the island species assemblages as a whole do not reflect an increasing number of shared species with the adjacent regions from east to west or west-east. There is, however, a trend of increasing proportion of shared species between islands and the Alaska Mainland from west to east across the island chain (See Supplemental A).
In the Kuriles, which is also a largely volcanic island chain adjacent to Kamchatka, several major dividing lines have been proposed. Those are to separate the floristic character based on their continental sources; species diversity and character are similarly more reflective of the adjacent mainland sources, though this is emphasized by large climatic differences in the northern and southern ends of the island chain (Pietsch et al., 2003) . Our model results suggest that east to west geographic location is generally associated with changes in Aleutian Island plant distribution. Modeling has indicated that the distance to the Alaska Peninsula predictor (D_AKP) is one of the most important variables using the species richness (Total Species #) response variable (Fig. 8A) . Using the non-phylogenetic cluster group response variable (Jaccard), the shoreline since the Last Glacial Maximum (LGM_SL) is the most important variable in the best model, and appears to also indirectly approximate geographic location as the islands are generally grouped between the geographic gaps, east to west (Fig. 8B) .
It has been noted that several species are endemic to the Aleutians island chain, which often have extremely limited distributions (Talbot et al., 1995) . In the current dataset, 37 species have a distribution limited to the two centrally located island groups (The Rat and Andreanof Islands; Figs. 1, 6 ). These centrally located species may be there as a result of endemism, long distance dispersal, or reduced distributions following a historical extirpation from the surrounding island groups. One Aleutian endemic, Polystichum aleuticum C.Chr. ex Hult en, is listed as an endangered species (Lance, 2012) , and has a single population on Adak Island (Talbot et al., 1995) . The majority of island groups, which are highly isolated and have not been connected to a continent are the product of long distance dispersal events. This includes island groups such as the Hawaiian Islands, French Polynesia, and the Samoan Islands (Cowie & Holland, 2006) . Isolated islands are also likely to support high numbers of endemic taxa, such as the Canary Islands, where 860 endemics comprise over half of the flora (Reyes-Betancourt et al., 2008) . In contrast, the Kuriles have 25 endemic species of vascular plants, which accounts for only 2% of the island group's 1367 species (Pietsch et al., 2003) .
The term "two-way filter bridge" has been used for island chains where constraints limit the distributions of select plant species (such as the Hawaiian and Kurile Islands, Carlquist, 1965) . It has been suggested that those species, which are well adapted to dispersing by wind and sea currents have readily dispersed across the Aleutian chain (Carlquist, 1965; Heusser, 1990; Talbot et al., 2010b) . Major prevailing ocean currents move from the east (Gulf of Alaska) to the west (towards the Russian Kamchatka Peninsula); however, the Aleutian North Slope Current moves west to east from Amchitka pass towards the Alaska peninsula, providing a flow along the north side of the Aleutians between the Andreanof and Fox Islands groups (Talbot et al., 2016) . This dispersal hypothesis is corroborated by the widespread distributions of several wind-dispersed species, such as Salix arctica Pall. and Epilobium hornemannii Rchb. subsp. behringianum (Hausskn.) Hoch & P.H.Raven, both present on 12 of 13 islands in the study area. Ligusticum scothicum L. subsp. hultenii (Fernald) Calder & Roy L.Taylor, one of the three species present on all 13 islands in the study, is a diploid, seashore species that disperses by sea currents (Rydgren & Often, 1993) , as predicted. In contrast, two other species present on all 13 islands, Cardamine umbellata Greene and Carex macrochaeta C.A.Mey., are unlikely to have been sea-or wind-dispersed, and may have been dispersed via the large migratory seabird and waterfowl populations (Carlsen et al., 2009 ). There are general dispersal patterns for highly isolated, oceanic island groups that reflect variables such as predominant wind patterns, island arrangements within groups, and bird migration routes (Cowie & Holland, 2006) . With the movement of humans west to east on the Aleutians, humans' role may be to exacerbate dispersal numbers in that direction and the flora on the islands closer to the North American continent are more heavily affected by human-made patterns through the introduction of foxes, large introduced mammals (Klein, 1968 , Ricca et al., 2012 , warfare and military installations. The prevalence of seed dispersal types on these islands may also indicate the maximum general distance of each dispersal method. For instance, in Hawaii, the presence of few species which produce wind-dispersed seeds indicates a sharp decrease in transport over long distances, while large numbers of bird-transported fleshy seeds are present (Carlquist, 1967) .
Species composition
Species composition is an important floristic diversity measure that differs from species richness, as it measures the differences between species assemblages, even if species richness is the same. In a basic analysis of the species composition, the most frequently occurring genera and families in the Aleutian Islands study area are all three graminoid families (Poaceae, Cyperaceae, Juncaceae), three of the four graminoid genera (Carex L., Poa L., and Luzula DC.), one shrub family and genus (Salicaceae, Salix L.), and several forbs and occasional shrub/subshrub families and genera (Fig. 4) . While graminoid species make up the most speciose families and genera, they are the second most common growth form in the Aleutian Islands; forbs account for 50.4% (Adak) to 65.9% (Kiska) of the species assemblage on each island. It is difficult to compare these proportions with other island groups, as island biogeography studies (e.g., Pietsch et al., 2003; Nakamura et al., 2009) , and even floras of island groups rarely compile this information using similar categories (e.g., Fosberg et al., 1975; Florence et al., 1995; Florence & Lorence, 1997; De Lange & Cameron, 1999) . On the island of Hainan, China, which differs greatly in climate from the Aleutian Islands, the graminoid family Poaceae also has the most species in the flora, followed by Orchidaceae and Fabaceae (Zhu, 2016) . Species composition differences among the Aleutian Islands were approximated using several different methods. Using the UniFrac metric, which was phylogenetically determined, we expected that large differences in ecology between islands would be more evident. In both the UniFrac and Jaccard distance metric outputs, the highest dissimilarity was between the western island Alaid and the eastern island Unalaska. While being separated geographically, Unalaska is the second largest island in the study while Alaid is the smallest. Kiska and Agattu were the most similar in both the Jaccard and UniFrac outputs. Kiska and Agattu are located in the two westernmost island groups, and are similar in area (278 and 221.6 km 2 ). Given the comparisons above, even prior to modeling, it is apparent that geographic location and island area likely influence species composition (Fig. 7A ). This corresponds with other island groups stretched across large areas, where geographical lines may separate compositional groups (e.g., Kuril Archipelago, Pietsch et al., 2003; Ryukyu Archipelago, Nakamura et al., 2009; Malesia, Webb & Ree, 2012) .
There are several different lines of evidence that corroborate a palaeogeographic hypothesis for the observed diversity patterns in the Aleutian Islands: (i) periodic glaciation (and associated drops in sea level; Hult en, 1937; Lindroth, 1961) , (ii) volcanic eruptions (Hult en, 1937; Heusser, 1990) , and (iii) climate change (Heusser, 1990 ). Using the current dataset, modeling for patterns of community similarity with nonphylogenetic cluster groups (Jaccard) indicated that the landmass groups during the last glacial maximum (LGM_SL), which formed during periods of lowered sea level, were the most important predictors (Fig. 8B) . Geologic age (GeoA) was one of the most important predictors for the phylogenetic cluster group (UniFrac) response variable's best model (Fig. 8C) . These results pertaining to landmass group during the LGM echo findings by Weigelt et al. (2016) , who examined estimated LGM coastlines of 184 studied islands worldwide, which experienced strong post-LGM changes in most physical and bioclimatic conditions as a result of sea level rise. They found an expected increase in species richness with increasing historical area due to increased LGM area as compared with the present area. The most species rich island in the Aleutians, Unalaska, was connected to the Alaskan mainland historically (Fig. 1) , and species richness was associated with distance from the Alaska Peninsula in the TreeNet modeling, which may fit this expected relationship. The effects of climate change might affect the Aleutian floristic composition with raising sea levels and invasive species migrating across the chain more rapidly in the future.
Although this study included a compilation of over eighty years of collecting efforts, it highlights how few "complete" floras have been conducted in the Aleutian Islands-although many single event collections have been made, most have been restricted along the shorelines due to time and transportation limitations. To expand upon this study, additional collecting should be conducted completely across islands, which may provide further insight into community assembly across the Aleutians. Monitoring studies should also be conducted for the uncommon and endemic species to reveal historical relationships and to clarify conservation concerns. As introduced predators and cattle have been eliminated from islands, or are being introduced (e.g., Ricca et al., 2012) baseline-sampling efforts should also be conducted towards monitoring for recovery and impacts. The model could be improved in future studies by separating the predictor variables to consider those islands with naturally occurring large mammal populations vs. those islands with introduced mammal populations. This would also help resolve the difficulties with potentially "filtering out" those collections made before the large mammal introductions on islands such as Adak. The large mammal (LARGEMAM) variable was not identified as important in the best model for species composition supporting this notion. Additional work could also integrate influences such as competition between similar taxa, and what effects dispersal limitations have on floristic composition. The role of climate change remains widely unstudied and is also to be addressed in better detail.
